Assessing the relationships between household mold exposure and asthma status in children nationwide sampled by the 2003 national asthma survey by Glassner, Jorie A.
  
 
 
 
ASSESSING THE RELATIONSHIPS BETWEEN HOUSEHOLD MOLD EXPOSURE AND 
ASTHMA STATUS IN CHILDREN NATIONWIDE SAMPLED BY THE 2003 NATIONAL 
ASTHMA SURVEY 
 
 
 
BY 
JORIE ALANA GLASSNER 
 
 
 
 
 
THESIS 
 
Submitted in partial fulfillment of the requirements  
for the degree of Master of Science Public Health in Community Health  
in the Graduate College of the 
University of Illinois Urbana-Champaign, 2010 
 
Urbana, Illinois 
 
 
Advisor: 
  Assistant Professor Juhee Kim 
   
 
 
   ii 
ABSTRACT 
 This is a comprehensive secondary analysis of indoor household environmental 
exposures, socioeconomic and demographic confounding factors, and asthma in children.   Data 
used in this research was accessed from the Centers for Disease Control and Prevention, National 
Center for Health Statistics, State and Local Area Integrated Telephone Survey, National Asthma 
Survey.  Previous literature has recognized asthma as one of the most prevalent conditions 
affecting children nationwide.  While previous literature about the interrelationships and 
interactions between environmental exposures, socioeconomic, and demographic factors is 
growing, little is known about the significance of indoor household mold exposure.  This survey 
interviewed 1193 participants aged 0 to 17 years of age, and 161 children were classified as 
having lifetime asthma, while 122 had current asthma.  χ2 analyses and logistic regression 
analysis were used to determine potential contributing factors of lifetime and current asthma in 
the sample of 120 children.  Logistic regression determined indoor household mold exposure 
(OR=1.37, p=.021), air cleaners/purifiers (OR=1.85, p=.001), and gas used for cooking 
(OR=1.91, p=.006) to be statistically significant positive indicators of current asthma.  For 
lifetime asthma, the same environmental exposures were found to be statistically significant and 
positive indicators: indoor household mold exposure (OR=1.33, p=.032), air cleaners/purifiers 
(OR=1.75, p=.001), and dehumidifiers (OR=2.11, p=.0001) were all found to be statistically 
significant and positive correlates of lifetime asthma.   Independent exposure to indoor 
household mold was a statistically significant correlate of both lifetime (OR=1.33, p=.029) and 
current asthma (OR=1.38, p=.015).  Indoor household mold exposure was found to be 
statistically significant in the analyzed sample of NAS children, which could suggest that the air 
filters/purifiers and dehumidifiers used in participating households did not reduce exposure to 
particulates.   
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CHAPTER 1 
INTRODUCTION 
 
Currently, millions of children throughout the United States have asthma, a condition that 
significantly hampers normal physical activity, sleep patterns, and regular school attendance 
(Akinbami, Moorman, Garbe, & Sondik, 2009; Stevens & Gorelick, 2001).  Parents and 
caregivers of children with asthma are also negatively affected by the condition in terms of cost 
of care, inability to procure appropriate treatment, and administration of prescribed inhalers 
(Akinbami et al., 2009).  Previous studies have recognized the disproportional burden of 
pediatric asthma in minority, urban inner city, and impoverished populations (Akinbami et al., 
2009; Algine, Auinger, Byrd, & Weitzman, 2000; Miller, 2000; Stevens & Gorelick, 2001; 
Teach, Crain, Quint, Hylan, & Joseph, 2006a).  However, much of the previous literature 
targeted specific geographic populations and did not assess the current or lifetime asthma burden 
as a result of exposure to indoor household environmental allergens based in a nationally 
representative sample.    
In order to gain a comprehensive understanding of asthma burden in children, this thesis 
examined the effects of indoor environmental exposures on current and lifetime asthma in a 
nationally representative sample generated from the Centers for Disease Control and 
Prevention’s (CDC) National Asthma Survey (NAS).  The NAS evaluated selected household 
members’ asthma management, health care utilization, household and occupational 
environmental factors, and medication regiments to estimate asthma prevalence nationwide and 
to increase the scope of existing asthma related databases (O’Connor, Osborn, Olson, Blumberg, 
Frankel, Srinath, & Giambo, 2008).  Based on the NAS data, this study investigates the effects of 
indoor environmental exposure on current and lifetime asthma. 
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1.1 Research Questions 
The purpose of this secondary research analysis was to examine the relationship between indoor 
household environmental exposures and asthma status in children using the National Asthma 
Survey (NAS).  Confounding factors in this analysis include household income, residence in a 
MSA, insurance coverage, race and ethnicity, age, and gender.  Within this research study the 
following questions are addressed:   
1a. Is current asthma in children associated with indoor household mold exposure? 
1b. Is lifetime asthma in children associated with indoor household mold exposure? 
2.  Does indoor household mold exposure have independent effects on other indoor 
environmental allergens? 
1.1.1 Hypothesis 
The researcher of this analysis proposed the following hypotheses: 
 1a.  Current asthma will be positively associated with exposure to indoor environmental 
  allergens. 
 1b. Lifetime asthma will be positively associated with exposure to indoor environmental 
 allergens. 
2. Exposure to indoor household mold will have an independent effect on other  
  household environmental allergens for children with both current and lifetime asthma. 
 
1.2 Public Health Significance 
Asthma is a common chronic condition that affected an estimated 6.7 million (9.1%) of 
children nationwide in 2007 (Akinbami et al., 2009).  The burden of asthma not only affects the 
child, but their parental caregiver in terms of absences from school and work.  Riverson, Kornak, 
Kidane, & Jones (2009) estimated in Burden of Asthma in the District of Columbia report that in 
   3 
2003 12.8 million school absences were reported nationwide in a population of 4 million 
children who experienced an asthmatic episode in the prior year.  Simons, Curtin-Brosnan, 
Buckley, Breysse, & Eggleston (2007) stated mold contamination, water damage, environmental 
tobacco smoke, and cockroach infestation were prevalent in old and dilapidated inner city 
homes.  Since children spend most of their time indoors, exposure to environmental allergens 
was positively correlated with the amount of time spent in the household and severity of asthma 
symptoms  (Wilson, Dixon, Breysse, Jacobs, Adamkiewicz, Chew, Dearborn, Krieger, Sandel, & 
Spanier, 2009).  Significantly, children who lived in urban areas were more frequently diagnosed 
with asthma and more often utilize emergency healthcare facilities than non-urban children, 
which Wilson et al. (2009) and Simons et al. (2007) suggested could be correlated to indoor 
environmental exposures.    While previous studies have examined home environments and 
exposure to allergens, the relationship between environmental exposures, socioeconomics, and 
demographics is complex and not well understood, necessitating further research in order to 
understand the effect of these factors on current asthma burden (Wilson et al., 2009; Simons et 
al., 2007).  
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CHAPTER 2 
LITERATURE REVIEW 
 
 Since 1980 pediatric asthma prevalence has increased nationwide, resulting in increased 
health care utilization (Akinbami & Schoendorf, 2002).  Currently, asthma is regarded as one of 
the most common ailments that affect children in the United States (Miller, 2000).    While there 
are a plethora of socioeconomic and demographic factors that are thought to impact accessibility 
of care and health related outcomes, the burden of asthma has been noted to disproportionately 
affect disadvantaged inner-city children to a greater degree than non-urban populations 
(Akinbami et al., 2009; Aligne et al., 2000; McDaniel, Paxon, & Waldfogel, 2006; Miller, 2000).  
Inner-city residents often live in dilapidated residences that are at higher likelihood of having 
more indoor environmental allergens.  Exposure to these could increase asthma symptom 
severity and frequency, resulting in increased number of children suffering from current asthma 
(Northridge, Ramirez, Stingone & Claudio, 2010; Salo, Arbes, Crockett, Thorne, Cohn, & 
Zeldin, 2008; Simons et al., 2007; Teach, Crain, Quint, Hylan, Joseph, 2006b.)   
 
2.1 Asthma in Children 
2.1.1. Classification of Asthma 
 The National Heart Lung and Blood Institute (NHLBI) define asthma as  
“A common chronic disorder of the airways that is complex and characterized by variable 
an recurring symptoms, airflow obstruction, bronchial hyperresponsiveness, and an 
underlying inflammation.  The interaction of these features of asthma determines the 
clinical manifestations and severity of asthma and the response to treatment.” (United 
States Department of Health and Human Services, 2007a, p.12).    
Inflammation can induce hypersensitivity, swelling, and overall obstruction of the 
bronchi, resulting in chest tightness, wheezing, coughing, and shortness of breath.  Due to the 
variability of the interaction, there is a wide spectrum of presentation of symptom severity and 
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responsiveness to asthma medications in each individual person.  Generally, onset of asthma 
begins in childhood, and is characterized by chronic wheezing (United States Department of 
Health and Human Services, 2007a).   The NHLBI states that risk factors for asthma diagnosis 
include a medical history of  
“…Cough, recurrent wheeze, recurrent difficulty in breathing, and recurrent chest 
tightness which occur or worsen in the presence of exercise, viral infection, animals with 
fur or hair, house-dust mites (in mattresses, pillows, upholstered furniture, carpets), mold, 
smoke (tobacco, wood), pollen, changes in weather, strong emotional expression 
(laughing or crying hard), airborne chemicals or dusts, menstrual cycles, and at nighttime 
which awaken the patient”  (United States Department of Health and Human Services, 
2007b, p.42).   
2.1.2. Treatment 
 There are two primary classes of asthma medications that are used to control and relieve 
symptoms: long-term control and quick-relief.  The goal of long-term control medications is to 
accomplish and sustain control of reoccurring asthma; examples highlighted by the NHLBI 
include “corticosteroids, cromolyn sodium, immunomodulators, leukotriene modifiers, long-
acting beta-2 antagonists (LABA), and methylxanthines” (United States Department of Health 
and Human Services, 2007c, p.213).  Quick-relief medications are utilized to relieve emergent 
asthma symptoms and exacerbations; examples provided by the NHLBI include 
“anticholinergics, short-acting beta-2 antagonists (SABA), and oral systemic corticosteroids” 
(United States Department of Health and Human Services, 2007c, p.214).  One of the major 
differences between long-term and quick-relief medications is the symptoms they target.  The 
primary focus of long-term medications is to reduce and control inflammation in the bronchi, 
whereas quick-acting medications focus on bronchodilation (United States Department of Health 
and Human Services, 2007c).   
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2.2 Incidence and Prevalence of Asthma in Children Nationwide 
 Camargo, Ramachandran, Ryskina, Lewis, & Legorreta (2007) estimated nine million 
American children had asthma and four million children experienced asthma attacks during 
2006.  Between 1980 and 1996, the percentage of new cases of asthma in children 0 to 4 years of 
age increased from 29.4% to 50.3% as cited by Akinbami & Schoendorf (2002).  Furthermore, 
asthma attack prevalence within this group increased from 41.2% to 43.5% between 1997 and 
2000.  Asthmatic children between 5 and 10 years of age experienced an increase in asthma 
prevalence among studied children younger than 18 years of age from 49% in 1980 to 74.3% in 
1996.  Percentage of asthma attacks for children aged 5-10 decreased slightly from 58.5% in 
1997 to 57.5% in 2000 (Akinbami & Schoendorf, 2002).  Hispanic children were found to have 
44% higher likelihood of asthma attacks than Non-Hispanic children during 2000 (Akinbami & 
Schoendorf, 2002).    
Akinbami et al. (2009) asserted that incidence rates have remained stable throughout 
1997 to 2007 despite significant escalation of asthma prevalence from 1980 until 1996.  
However, the 2007 National Health Interview Survey estimated 6.7 million (9.1%) children aged 
0-17 nationwide were currently asthmatic, 3.8 million (60%) of current sufferers had one or more 
asthma attacks in the previous year, and 9.6 million children were diagnosed with asthma at 
some point in their life.  Of the 9.6 million children nationwide who were diagnosed with asthma 
during their lifetime, 70% were considered to have current asthma in 2007.  Delaware, District of 
Columbia, Hawaii, Indiana, Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Rhode Island, and West Virginia were the states with 10.1-11.9% prevalence, the 
highest nationwide.  Comparatively, Idaho, Iowa, Minnesota, Montana, Nebraska, Nevada, North 
Dakota, Oregon, Utah, Washington, and Wyoming were found to have to lowest asthma 
prevalence rates of 5.7-7.4% (Akinbami et al., 2009).   
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2.3 Demographic and Socioeconomic Factors of Current Asthma 
2.3.1 Age and Gender 
Kim, Kieckhefer, Greek, Joesch, & Baydar (2009) stated in their research on health care 
utilization patterns that asthma was least prevalent in females younger than 5 years, and most 
common in children aged 11-17 years (Akinbami et al., 2009; Kim et al., 2009).   Smith, Rascati, 
& Barner (2005) characterized aged 6-14 as the most frequent with current asthma (33.8 per 
1000 children).   Among a sample of 984 male and 614 female children aged 2-13, Schatz & 
Camargo (2003) found that 65% of males and 35% of females had current asthma.  Similar to 
Schatz & Camargo (2003) results, Schatz, Clark, Emond, Schreiber, & Camargo (2004) found 
among children aged 15 and younger, males were more likely to have asthma than their female 
counterparts.  In terms of insurance coverage, females were significantly more likely than males 
to be covered by public insurance programs instead of private insurance.  Males exhibited higher 
medication compliance, and were more likely than female counterparts to use Beta-Agonists (ß-
Agonists), inhaled corticosteroids, and oral steroids (Schatz & Camargo, 2003).   
2.3.2 Race and Ethnicity  
Previous studies had found that African-American and Hispanic children had more severe 
chronic asthma than Non-Hispanic Caucasian children (Boudreaux, Emond, Clark, & Camargo, 
2003).  When assessing the risks of African-American children alone, they exhibited a 1.3 times 
greater risk of developing asthma when controlling for socioeconomic and demographic factors 
in comparison to their Caucasian counterparts (Aligne et al., 2000).   As well, McDaniel et al. 
(2006) found that non-Hispanic African-American children experience significantly higher rates 
of asthma diagnoses throughout their lives as compared to non-Hispanic Caucasian children.  
Similarly to McDaniel et al. (2006), Akinbami et al. (2009) found that African-American 
children were 1.6 times more likely to have asthma than Caucasian children.  Additionally, 
American Indian and Alaska Natives were 1.3 times more likely to have asthma than Caucasian 
children (Akinbami et al, 2009).  In terms of Hispanic ethnicity, Akinbami et al. (2009) found 
Puerto Rican children to have asthma 2.4 times more frequent current asthma than non-Hispanic 
children.   
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2.3.3 Health Insurance 
Minorities, impoverished, and urban settings characterize children at highest risk of 
unfavorable asthma outcomes, and similarly are the predominate populations that utilize public 
insurance programs such as Medicaid and are at highest risk of asthma diagnoses, emergency 
department visits, and hospitalizations (Camargo et al., 2007; Fredrickson, Molgaard, Dismuke, 
Schukman, & Walling, 2004).  Peters, Klemens, Haselkorn, Weiss, Grammer, Lee, & Chen 
(2007) further characterized the majority of Medicaid patients as young, minority, and female.  
Camargo et al. (2007) noted in a sample of 10,976 children, participants younger than five years 
of age insured by Medicaid are 16% more likely than privately insured children to develop 
asthma.   Ortega, Belanger, Palitel, Horwitz, Bracken, & Leaderer (2001) found that within a 
sample of 1,002 children, Medicaid insured participants were 20% less likely than those with 
private insurance to have a routine visit with a primary care provider, indicating poorly managed 
asthma.  In this same study, Medicaid insured Caucasian children were 10% more likely to 
undergo asthma related emergency department visit, which Ortega et al. (2001) suggested is a 
result of uncontrolled asthma.  Remarkably, Medicaid insured African-American children were 
60% more likely than privately insured children to visit the emergency department (Ortega et al., 
2001).  
2.3.4 Other Factors Related to Asthma 
Algine et al. (2000) suggested that regardless of socioeconomic status, urban children are 
found to be at an increased risk of asthma when compared with non-urban children.  African 
American children living in urban cities are 1.4 times more likely than African American non-
urban children to develop asthma (Algine et al., 2000).  Stingone & Claudio (2006) found a 
similar positive relationship between increased poverty level and current asthma in a sample of 
5,250 New York school-age children.  In households with an annual income of $20,000 or less, 
47.1% of children suffered from current asthma.  Comparatively, 13.1% of children who lived in 
residences with an annual household income of $40,000 or more had current asthma (Stingone & 
Claudio, 2006).  Furthermore, Northridge et al. (2010) suggested that low income families are 
more likely to live in public housing within the inner city and as result, children who lived in 
these residences experienced greater asthma morbidity and frequency of symptoms.  
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Congruently, Northridge et al. (2010) determined that residence in public housing was 
significantly associated with current asthma prevalence in these children. 
 
2.4 Effects of Indoor Household Environmental Exposures on Children with Asthma 
 On average, children spend about 80% of their day inside homes, schools, and other 
indoor locations (Breysse, Farr, Galke, Lanphear, Morley, & Bergofsky, 2004).  Due to this, 
indoor environmental exposures can significantly affect children with asthma (Breysse et al., 
2004).  Common indoor household environmental exposures include rodents, cockroaches, dust 
mites, mold, pet dander, and tobacco smoke (Breysse et al., 2004; Etzel, 2003).  Salo et al. 
(2008) found that in a study of 831 households nationwide, 51.5% had measurable levels of 
indoor environmental allergens and at least two major allergens were present in every home 
studied.  Approximately 25% of participants surveyed in Salo et al.’s (2008) study self-reported 
lifetime history of asthma.  The relationship between socioeconomic factors and children with 
asthma’s indoor environmental exposure was unknown (Etzel, 2003), but previous studies 
suggest that lower socioeconomic status could be associated with increased exposure to 
household environmental allergens (Ungar, Cope, Kozyrskyj, & Paterson, 2010).  Teach et al. 
(2006b) examined the indoor exposure to environmental allergens of inner-city District of 
Columbia children with asthma and found that low-income households had significantly higher 
levels of cockroach allergens than high-income households.  However, Teach et al. (2006b) did 
not find any significant difference in household income and exposure to dust mite, pet dander, 
mold, or environmental tobacco smoke allergens.   Upon combination of allergens and 
controlling for socioeconomic factors, children exposed to environmental tobacco smoke were 
1.89 times more likely to be exposed to indoor mold allergens and 1.66 times more likely to be 
exposed to cockroach allergens, which was deemed significant by Teach et al. (2006b).  Teach et 
al. (2006b) though found no statistically or clinically significant relationship between exposure 
to major household indoor allergens and health care utilization.   
 Nitrogen dioxide (NO2) exposure is associated with cooking gas, which may induce 
inflammatory response in the lungs and as a result, exacerbate asthma (Zota, Adamkiewicz, 
Levy, & Spengler, 2005).  Zota et al. (2005) suggested NO2 exposure is most problematic in low 
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socioeconomic urban communities due to small square footage of residence, lack of proper 
exhaust systems, and poor ventilation.  Lack of a proper functioning kitchen exhaust system can 
increase cooking particulate matter emissions (PME), moisture, and humidity in the home 
(Manfredini & Rist, 2004).  Manfredini & Rist (2004) stated if a kitchen exhaust system were not 
properly vented to the outside through piping in an exterior wall, PME and heat from cooking 
would be recirculated into the kitchen and throughout the rest of the home.  Zhang, Gangupomu, 
Ramierez, & Zhu (2010) further explored cooking PME and the importance of functioning 
kitchen exhaust fans.  Zhang et al. (2010) stated that cooking PME were dependent upon cooking 
ingredients, type of stove used, cooking temperature, fattiness of food, and type of oil used for 
frying.  While Zhang et al. (2010) recognized cultural cooking differences all of these factors 
were universal.  Results from Zhang et al.’s (2010) study found high cooking temperatures 
released “between 55% and 400% more particles than medium temperatures” (p.1750).  Kitchen 
exhaust fans removed approximately 41% of cooking PME from gas stoves and decayed PME at 
a rate two times higher than without the fan (Zhang et al., 2010).  Although kitchen exhaust fans 
decayed PME at a faster rate in kitchens, the emissions circulated throughout surrounding rooms 
and lingered for longer periods of time (Zhang et al, 2010).   Overall, Zhang et al. (2010) 
suggested that increased PME in the kitchen and surrounding rooms could have deleterious 
health effects.        
2.5 Effects of Indoor Household Mold Exposure on Asthma Morbidity 
Moisture, dampness, and poor ventilation can lead to an increased prevalence of indoor 
allergens that could exacerbate asthma (Krieger, Takaro, Allen, Song, Weaver, Chai, & Dickey, 
2002).  Iossifova, Reponen, Ryan, Levin, Bernstein, Lockey, Khurana-Hershey, Villareal, & 
LeMasters (2009) examined the relationships between indoor household mold exposure and 
asthma development in a cohort of newborns longitudinally until 3 years of age.  They concluded 
that approximately half of all households studied contained high levels of visible mold, and an 
estimated half of all the children studied were considered at high risk for development of asthma.   
Iossifova et al. (2009) found that children who lived in residences with high levels of visible 
mold were seven times more likely to be considered high risk for asthma than children who lived 
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in residences without visible mold.  Children who lived in households with low levels of visible 
mold still had an elevated, but non-significant risk of asthma development than children who 
lived in households without mold (Iossifova et al., 2009).   
Similarly, in a study of children who lived in Detroit, Vesper, McKinstry, Haugland, 
Neas, Hudgens, Heidenfelder, & Gallagher (2008) found that the relative risk of mold burden, 
measured by the Environmental Relative Moldiness Index (ERMIsm), was higher in residences of 
children with asthma than children without asthma.  Vesper et al. (2008) found a significant 
difference between the household ERMIsm in children with severe asthma and non-asthmatic 
children.  However, no significant differences in household mold burden were seen in children 
who experience moderate asthma and their non-asthmatic counterparts (Vesper et al., 2008).  
In terms of health related outcomes, Bonner, Matte, Fagan, Andreopoulos, & Evans 
(2006) found that children who lived in residences with parental self-report of mold and or 
mildew had significantly more respiratory hospitalizations than children living in households 
without mold allergen presence.  Although the likelihood of respiratory related emergency 
department visits was elevated for children living in households with mold allergens, there was 
no significant difference to children without this environmental exposure (Bonner et al, 2007).  
Additionally, Bonner et al. (2007) found no statistically significant association between mold 
allergen exposure and previous asthma diagnosis, race, household income, and child’s sex.  
Bonner et al. (2007) suggested that the lack of a statistically significant result did not provide a 
complete explanation of the relationship between household moisture and asthma morbidity.  
Furthermore, Vesper, McKinstry, Cox, & DeWalt (2009) examined the relative moldiness of 
households nationwide as a factor for exacerbation of current asthma in children.  This study 
recognized the extreme asthma morbidity of children living in inner city Baltimore and found 
that these children have higher indoor household mold concentrations in comparison to a 
nationwide sample of homes (Vesper et al., 2009).  Vesper et al. (2009) suggested that the higher 
indoor mold burden in the Baltimore inner city residences was consistent with previous studies’ 
findings, such as Bonner et al. (2007), in which urban housing was associated with higher 
concentrations of allergens that could exacerbate asthma in children.   However, Vesper et al. 
(2009) did not denote whether urban living was a statistically significant contributor to current 
asthma in their survey of moldiness levels in selected households nationwide.  Similar to the 
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studies of Bonner et al. (2007) and Vesper et al. (2009), Berg and collaborators (2007) stated that 
dilapidated home conditions, such as presence of mold and rodents, were associated with higher 
allergen concentrations and adversely affected children with asthma (Berg, McConnell, Milam, 
Galvan, Kotlerman, Thorne, Jones, Ferdman, Eggleston, Rand, Lewis, Peters, & Richardson, 
2007).  However, Berg et al. (2007) indicated that indoor household mold was “strongly, but not 
significantly associated with detectable allergen” (p.56) concentrations inside the residence. 
  
2.6 Quality of Life Indicators 
 Asthma is a chronic and unpredictable condition that can vary in severity with each 
asthmatic episode.  Schmier, Chan, & Leidy (1998) observed declination of health-related 
quality of life (HRQoL) due to this variability.  Indicators of HRQoL impairment include 
absences from school related to asthma, reduction in normal activities, sleep disturbances 
attributed to nighttime asthma symptoms, and parental or caregiver changes in activities in order 
to care for the asthmatic child.  Patient adherence to medication and treatment regiments is 
imperative in order to limit reductions in HRQoL in asthma children and their parents or 
caretakers (United States Department of Health and Human Services, 2007b).  Erickson, 
Munzenberger, Plante, Kirking, Hurwitz, & Vanuya (2002) conducted a research study that 
assessed the relationship between patient and caregiver HRQoL and socioeconomic predictors 
such as income, parental education, and race.  Erickson et al. (2002) stated the greatest level of 
HRQoL was associated with higher income, increased length of asthma diagnosis, low number 
of siblings, and ease of accessibility to the clinic.  Race, age, and gender were found to not be 
significant factors related to HRQoL.  Additionally, results from the Pediatric Asthma 
Caregiver’s Quality of Life Questionnaire (PACQLQ) suggested that higher levels of household 
income and lower perceived asthma susceptibility of the child were associated with the greatest 
HRQoL (Erickson et al., 2002).  
2.7 The Cost of Asthma 
 According to Markovitz & Andresen (2006), emergency department care is the most 
expensive immediate care option and does not provide adequate treatment or management of 
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chronic conditions.  Frequent utilization of this health care service can become a substantial 
financial burden for low socio-economic families that lack access to primary care providers due 
to public insurance shortcomings (Markovitz & Andresen, 2006).  While utilization of healthcare 
facilities for asthma symptom treatment and hospitalizations are considered direct costs, indirect 
costs also need to be accounted for.  Indirect costs are characterized by any other financial 
defects that do not result from health service utilization; parental absenteeism from work and 
child absenteeism from school would be an example of these costs.  Nationwide children are 
absent from an average of eight days of school each year due to asthma exacerbations, which can 
result in substandard academic performance (Gramm, Chao, Chester, Frels, Kiokemeister, 
Koalczyk, Leary, Melczer, Pittman, Segal, Smith, Swearingen, Tipton, & Gwin-Beaty, 2000).   
 Weiss, Sullivan, & Lyttle highlighted in their 2000 study that healthcare expenditures 
have more than doubled from 1985 to 1994, resulting in increased utilization of health care 
services.  In 1985, the cost of asthma in the United States was approximately 4.5 billion dollars; 
comparatively, in 1994 the cost nationwide was 10.7 billion dollars.  Although the overall cost of 
asthma increased, the amount each individual paid for care decreased by 3.4%.  Decreased length 
of stay in hospitals has resulted in the decreased cost of hospital care from 1985 to 1994. Cost of 
medications increased from 30% to 40.1% during the time period, which can be attributed to new 
pharmaceutical developments.  Additionally, parents and caregivers were absent from more days 
of work in 1994 than in 1985 due to their child’s asthma; however, children missed fewer days of 
school in 1994.  Upon adjustment of the 1985 figures to 1994 dollars, the total cost of asthma 
increased by 54.1%; direct costs increased by 20.4% and indirect costs increased by 33.7%.  
Mellon & Parasuraman (2004) approximated annual nationwide cost of healthcare for asthmatic 
children reached 3 billion dollars in 2004; direct costs contributed 2 billion dollars, and 1 billion 
dollars were associated with indirect costs. 
Mellon & Parasuraman (2004) further described that children aged 0-4 have different 
direct cost distributions than those who are aged 5-17; whereas 74% of costs for ages 0-4 were 
attributed to hospitalizations, 34% of costs in 5-17 year olds represented hospitalizations.  
However, hospitalizations accounted for the greatest cost of care for both age groups.  
Emergency department visits characterized 16% of direct costs for 5-17 years, and only 7% of 0-
4 years.  Outpatient treatment, primary care physician office visits, and prescribed medications 
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accounted for 19% of costs for the 0-4 age range.  In the 5-17 year old age group, the cost of 
outpatient treatment, primary care physician office visits, and prescribed medications were 
distributed less equally than the younger age group; direct costs of care for the previous items 
were 22%, 17%, and 11% respectively (Mellon & Parasuraman, 2004).   
2.8 Summary 
 Asthma is defined by the NHLBI as a chronic condition affecting the air passageways in 
the lungs, and is characterized by recurrent cough, wheeze, shortness of breath, and chest 
tightness due to exposure of physical activity, emotional changes, hormonal changes, 
environmental allergens, and food allergens (United States Department of Health and Human 
Services, 2007a).  Since 1980, prevalence of asthmatic children in the United States has 
increased (Miller, 2000) and as of 2007, approximately nine million children had current asthma 
(Camargo et al., 2007).   Children spend most of their day inside schools or homes and could be 
exposed to a variety of environmental allergens.  Indoor environmental exposures such as dust 
mites, rodents, cockroaches, mold, pet dander, and environmental tobacco smoke could 
significantly and negatively impact children with asthma (Breysse et al., 2004).  Furthermore, 
previous literature cited that minority children who live in low-income inner city homes are more 
likely to have current asthma and the burden of asthma in these children could be related to 
indoor household environmental factors (Akinbami et al., 2009, Algine et al., 2000; Miller, 2000; 
Salo et al., 2008; Stevens & Gorelick, 2001; Stingone & Claudio, 2006; Teach et al., 2006a; 
Teach et al., 2006b; Ungar et al., 2010).  
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CHAPTER 3 
METHODS  
Secondary data used in this research project were compiled from the 2003- 2004 NAS 
conducted by the CDC.  Exposure variables included indoor environmental allergens such as 
mold, cockroaches, mice, smoked particulates, carpeting, dust mites, and furry/feathered pets.  In 
this study, current or lifetime asthma were the outcome measures.  Confounding variables 
included participant gender, participant age (17 years of age or younger), insurance coverage, 
residence in MSA, household income, race and ethnicity (Hispanic/Non-Hispanic).    
3.1 Exemption from Institutional Review Board 
 University of Illinois-Urbana Champaign’s Institutional Review Board exempted the 
study as it was not considered human subjects research and analyzed de-identified pre-existing 
data (Appendix A). 
 
3.2 Study Population and Sampling Procedure 
 The CDC developed the NAS to increase knowledge of how medication regiments, 
household environment, health care utilization, and demographic variability affect asthma 
symptom management and treatment plans in children younger than 18 years of age and adults.   
Random Digit Dialing (RDD) was used to screen households for participation eligibility.  The 
CDC recruited participants using the State and Local Integrated Telephone Survey (SLAITS) 
system, which generated its sampling frame from the National Immunization Survey (NIS).  
From this sampling frame, potential participants for the NAS were selected using “computer-
assisted telephone system” (CATI).   Interviewers planned to screen 10,000 households 
nationwide for participation in the survey to gain a comprehensive sample.  In order to 
accomplish this, the number of households necessary to meet the goal was distributed in ratio to 
the total number of households within a specific geographic area. From this, the quota of 
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telephone numbers required was calculated from the anticipated working household number 
frequency within the selected geographic area.  Since not all households contacted would agree 
to participate, the number of telephone numbers randomly selected compensated for this 
discrepancy.  One member of the household was randomly selected by CATI to discuss their 
asthma status with an interviewer (O’Connor et al., 2008).   
The survey consisted of standard demographic questions independent of the selected 
person’s asthma status.  However, if the selected person asserted they were diagnosed by a health 
care professional with asthma they received a comprehensive survey that focused on asthma 
management and treatment regiment.  If the selected person in the household was younger than 
18 years of age, an adult member of the household knowledgeable of the child’s asthma care 
provided the responses.  A proxy interview was conducted by another adult household member 
for adults who were either too ill too speak on the phone or were not available for interview 
(O’Connor et al., 2008).   
Telephone numbers of potential NAS participants were randomly selected from the NIS 
participant sample.  SLATIS interviewers collected extensive data in regards to the participants’ 
“history of asthma (symptoms and episodes), health care utilization, knowledge of asthma 
management plan, modifications to environment, medications, family history of asthma, and 
demographic information.” (O’Connor et al., 2008, pp.6-7)   O’Connor et al. (2008) stated that 
the NAS was  
“designed to improve understanding of how demographic differences, patterns in health 
care utilization, medication use, and environmental modifications are related to treatment 
and symptom control for children and adults with asthma.  The data can potentially 
identify subgroups that may benefit from behavioral interventions.” (O’Connor et al., 
2008, p.2).   
The NAS questionnaire was implemented in combination with the NIS.  SLATIS 
interviewers randomly selected a nationwide sample of households to find residences with at 
least one child between the ages of 19-35 months and willing to participate on the NIS.  
Regardless of participant eligibility status, SLATIS interviewers would screen the household for 
NAS participation immediately following NIS screening or participation (O’Connor et al., 2008).   
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Of the 10,054 participants, only 1,351 individuals were classified as children and selected 
for use in the detailed NAS asthma interview.  From this sample, 1,193 individuals participated 
in the detailed asthma telephone interview, which yielded 164 children 17 years of age or 
younger. Only 122 children were reported by their parent as currently experiencing asthma, and 
1,071 did not have current asthma. Furthermore, the parental report of 161 children affirmed a 
lifetime history of asthma, while 1,032 had no previous history of asthma.   
This study examined the effects of indoor environmental exposures on current and 
lifetime asthma.  Specific questions of interest for this research included household 
environmental exposures, race and ethnicity, age, gender, insurance coverage, household income, 
and residence in a Metropolitan Statistical Area (MSA). 
 
3.3 Definitions 
3.3.1. Annual Household Income 
Participant response to “What was the total combined income of your household in (FILL 
LAST CALENDAR YEAR), including income from all sources including wages, salaries, 
unemployment payments, public assistance, Social Security or retirement benefits, help from 
relatives, and so forth?  Can you tell me that amount before taxes?” (O’Connor et al., 2008, 
p.77).  In this research analysis, annual household income was categorized as either $0-19,999, 
$20,000-$54,999, or $55,000+. 
3.3.2. Asthma 
Participants’ asthma history was derived by the NAS system using two separate 
statements for lifetime and current asthma.  For lifetime asthma history, the statement “Derived.  
Asthma status of household member.”  (O’Connor et al., 2008, p.46) provided two options: “(0) 
No, person does not have asthma.” or “(1) Yes, person has asthma.” (O’Connor et al., 2008, 
p.46).   Current asthma history was derived from the statement “Derived.  Current asthma status 
of household member based on self-reported behaviors.” (O’Connor et al., 2008, p.46).  
Responses to this question as well as the previous question, which examined lifetime asthma 
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history, were combined into a new variable.  Participants were coded within this new variable as 
either (0) does not have current asthma, or (1) has current asthma.  In this research study, 
participants whose current asthma status was coded as don’t know were excluded from analyses. 
3.3.3. Children 
In this research study, children are defined as 17 years of age or younger.  Children were 
categorized into distinct age cohorts: 0-4, 5-9, 10-14, or 15-17 years of age. 
3.3.4 Ethnicity 
Ethnicity was determined by participant response to the question “[Are you/Is the __ year 
old] of Hispanic or Latin origin?” (O’Connor et al., 2008, p.75).  Participants could have 
reported their ethnicity as Non-Hispanic, Hispanic, or don’t know. 
3.3.5. Health Insurance 
Participants affirmed or denied health insurance coverage in response to the NAS 
interview question “{Do you/[Does the ___ year old/NAME]} have any kind of health coverage, 
including health insurance, prepaid plans such as HMOs or government plans such as 
Medicare?” (O’Connor et al., 2008, p.48).  The variable health insurance used in this analysis 
refers to both public and private insurance. 
3.3.6. Private Health Insurance 
Private health insurance is defined as either paid for by an employer or individual from a 
health insurance company.  An employee based plan is health care coverage offered through 
employment or unions.  Health insurance coverage can also only cover the sole policyholder.   
Direct-purchase plans consist of an individual buying health care coverage from a private health 
insurance company (United States Census Bureau, 2009). 
3.3.7. Public Health Insurance 
Public insurance is government funded health care coverage at the local, state, or federal 
level.  Examples of public health insurance programs include Medicare, Medicaid, State 
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Children’s Health Insurance Program (SCHIP), Military Health Plan, and Indian Health Services 
(United States Census Bureau, 2009).  In this research, public health insurance will refer to 
children with Medicaid coverage. 
3.3.8. Uninsured 
Uninsured individuals do not have any health care coverage. 
3.3.9. Race 
NAS race classification included White Only, African American or Black only, multiple 
race, Asian only, or other race derived from participant self-report to the question “…Please 
choose one or more of the following categories to describe [yourself/the ___ year old].  [Are 
you/Is the ____ year old] White, Black or African American, multiple race, Asian, or other 
race?”  (O’Connor et al., 2008, p.75).  In this research analysis, race was categorized as White or 
Non-White.   African American or Black, multiple race, Asian only, and other race were 
combined to form the category “Non-White”. 
3.3.10. Residence in MSA 
Residence in MSA was determined by NAS interviews from participant report of 
household Zip Code. 
3.3.11. Sex 
Sex of the participant was classified as male, female, or refused from the NAS question 
“Are you/Is the ___ year old male or female?” (O’Connor et al., 2008, p.44).  In this research 
analysis, sex was categorized as either male or female.  
3.4 Measurement of Quantitative Data 
Quantitative data were collected from each survey participant via telephone by a trained 
interviewer.  In this research analysis, the outcome variables derived lifetime or current asthma 
statuses in children who participated with the NAS.  The exposure variables included the 
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presence or absence of all the following indoor environmental exposures: air cleaner (purifier), 
dehumidifier, gas used for cooking, kitchen exhaust fan, mold (present within 30 days prior to 
survey participation), furry or feathered pets, cockroaches (present within 30 days prior to survey 
participation), wood stove/fireplace, unvented gas logs/fireplace, and environmental smoke 
particles (within 7 days prior to survey participation).  Confounding factors included 
socioeconomic and demographic variables: annual household income, residence in MSA, age, 
sex, race, ethnicity, and health insurance coverage (within 12 months to survey participation).  
All participant answers were self-reported and coded by the interviewer as yes or no.  Missing 
cases were excluded from data analyses in this thesis.    The following NAS questions were of 
interest in this research study and were reported by a knowledgeable adult household member.    
1). “Is an air cleaner or purifier regularly used inside your home?” (O’Connor et al., 
2008, p.72). 
2). “Is a dehumidifier regularly used to reduce moisture inside your home?” (O’Connor et 
al., 2008, p.72). 
3). “Is an exhaust fan that vents to the outside used regularly when cooking in your 
kitchen?” (O’Connor et al., 2008, p.72). 
4). “Is gas used for cooking?” (O’Connor et al., 2008, p.72). 
5). “In the past 30 days, has anyone seen or smelled mold or a musty odor inside your 
home?  Do not include mold on food.” (O’Connor et al., 2008, p.72). 
6). “Does your household have indoor pets such as dogs, cats, hamsters, birds, or other 
feathered or furry pets that are kept inside?” (O’Connor et al., 2008, p.72). 
7) “In the past 30 days, has anyone seen cockroaches inside your home?” (O’Connor et 
al., 2008, p.73). 
8). “Is a fireplace or wood burning stove used in your home?” (O’Connor et al., 2008, 
 p.73). 
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9). “Are unvented logs, an unvented gas fireplace, or an unvented gas stove used in your 
home?” (O’Connor et al., 2008, p.73). 
10). “In the past week, has anyone smoked inside your home?” (O’Connor et al., 2008, 
 p.73). 
 
3.5 Generalizability 
 Only a small portion of all participants in the NAS were Spanish speaking, which could 
limit generalizability to this population.  Number of households selected for screening in each 
state was dependent on the total number of households in the state.    
3.6 Data Analysis 
 Analysis of quantitative data utilized Statistical Package for the Social Sciences (SPSS) 
version 17.0.  Descriptive statistics were used to describe the frequency of current and lifetime 
asthma stratified by age, sex, ethnicity, health insurance status, annual household income, and 
residence in an MSA.  Additionally, logistic regressions were used to assess the impact of 
selected variables on either current or lifetime asthma.  Statistical significance was measured as a 
p-value of .05 or less (5%). 
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CHAPTER 4 
RESULTS 
 
 This secondary research analysis examined the relationships between indoor household 
environmental exposures and asthma status of children sampled by the NAS.  The following 
research questions were examined: 
1a. Is current asthma in children associated with indoor household mold exposure? 
1b. Is lifetime asthma in children associated with indoor household mold exposure? 
2.  Does indoor household mold exposure have independent effects on other indoor 
environmental allergens? 
 Parent reports on their child’s asthma and indoor environmental exposures and derived 
coding from the NAS stud were utilized to answer these questions.  Collected data were stratified 
by current asthma or lifetime asthma status and statistically analyzed for research question 1a 
and research question 1b, respectively. Both of these research questions examined indoor mold 
exposure as a specific indicator of either current or lifetime asthma.    Research question 2 
addressed the child’s asthma status and exposure to all of the indoor household environmental 
exposures featured on the NAS study.   
 
4.1 Prevalence of Asthma in Child Participants of NAS 
 While 1193 children responded to the screening interview survey question that assessed 
lifetime asthma history, only 161 (13.4%) affirmed asthma diagnosis by a health care provider.  
Congruently, 1032 (86.5%) children were not reported by their parents to have a lifetime history 
of asthma.  Of the 1193 children who responded to the NAS, 122 (10.2%) had current asthma 
and 1071 (89.7%) did not.   Table 1 summarized lifetime and current asthma prevalence in the 
nationwide NAS sampled children. 
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Table 1 
Asthma Prevalence in Nationwide NAS Sampled Children Aged 0-17 Years 
     N    Percent 
Lifetime 
 No    1032    86.5% 
 Yes    161    13.5%    
 Total    1193     
Current 
 No    1071    89.7% 
 Yes    122    10.2% 
 Total    1193 
Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local 
Area Integrated Telephone Survey, National Asthma Survey, 2003. 
 
4.2 Demographic and Socioeconomic Characteristics of Sampled Children 
 All participants in the NAS were categorized by race as follows: 90.0% White only, and 
10.0% Non-White.  For all participants on the NAS, 59.6% were male and 40.4% were female.  
Racial breakdown for children who had current asthma was 73 (69.5%) White and 32 (30.5%) 
Non-White.  For children without current asthma, there were 735 (77.6%) White and 212 
(27.4%) Non-White.  Overall, 82.2% of children with current asthma and 80.9% of children 
without current asthma were Non-Hispanic.  In terms of sex, 65.6% of those with current asthma 
were male and 34.4% of children with current asthma were female.  Comparatively, 58.9% of 
children without current asthma were male and 41.1% were female.  Out of all children who had 
current asthma, 12.3% were 0-4 years, 27.5% were 5-9 years, 31.1% were 10-14 years, and 
29.5% were 15-17 years.  Age breakdown for children without current asthma was 22.9% 0-4 
years, 28.0% 5-9 years, 30.4% 10-14 years, and 18.7% 15-17 years.  Among children with 
current asthma, 79.5% lived in a MSA, which was similar to the percentage of children without 
current asthma who lived in a MSA (80.8%).  Insurance coverage characterized 92.6
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children with current asthma, while 91.7% of children without current asthma had health 
insurance.  Annual household income for children with current asthma was most frequently 
reported as between $20,000-$54,999 (45.4%).  The percentages for the other household income 
brackets for children with current asthma were as follows: 18.5% lived in households with 
incomes below $19,999, whereas 36.1% lived in households with income equal or higher than 
$55,000.  On the other hand, for children without current asthma, the most frequently reported 
annual household income was $55,000+ (54.6%), whereas were 16.2% were in households with 
incomes below $19,999 and 38.4% had an annual household income between $20,000 and 
$54,999.   
 Of children with a history of lifetime asthma, 96 (69.1%) were White and 43 (30.9%) 
Non-White.  Comparatively, for children without a lifetime history of asthma, 712 (77.9%) were 
White and 201 (22.0%) were Non-White.  In terms of ethnicity for children with lifetime asthma, 
26 (18.4%) were Hispanic, 114 (80.9%) were Non-Hispanic, and 1 (.07%) did not know.   Age 
breakdown for children with lifetime asthma included 19 (11.8%) 0-4 year olds, 42 (26.0%) 5-9 
year olds, 50 (31.1%) 10-14 year olds, and 50 (31.1%) 15-17 year olds.  Frequency of age 
cohorts for children without lifetime asthma was as follows: 241 (23.4%) 0-4 year olds, 291 
(28.2%) 5-9 year olds 314 (30.4%) 10-14 year olds, and 186 (18.0%) 15-17 year olds.  For 
children with lifetime asthma, 111 (68.9%) were male and 50 (31.1%) were female.  In 
comparison, 600 (58.1%) children without lifetime asthma were male and 432 (41.9%) were 
female.  While 128 (79.5%) of children with lifetime asthma lived in MSA and 33 (20.5%) did 
not, of children without lifetime asthma, 834 (80.9%) lived in MSA and 197 (19.7%) did not.  In 
terms of health insurance, 151 (93.7%) of children with lifetime asthma had coverage 10 (6.9%) 
did not, while for children without lifetime asthma 882 (93.7%) had insurance coverage, 82 
(8.5%) did not, and 2 (.02%) refused to respond.  Annual household income bracket frequency 
for children with lifetime asthma included 22 (15.6%) $0-19,999, 59 (41.8%) $20,000-$54,999, 
and 60 (42.6%) $55,000+.  For children without lifetime asthma, annual household income 
bracket frequencies were as follows: 145 (16.6%) $0-$19,999, 338 (38.7%) $20,000-$54,999, 
and 389 (44.6%) $55,000+.   
Chi square (χ2) tests were performed on these factors to determine if there was a 
relationship between these demographic and socioeconomic factors and asthma status (current or 
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lifetime) in the children sampled.  For children with current asthma, age (p=.007) and ethnicity 
(p=.027) demonstrated statistical significance at the .05 alpha-level.  Additionally, for children 
with lifetime asthma age (p=.0001), sex (p=.009), and race (p=.020) were found to have 
statistically significant relationships.  Although age was found to be statistically significant for 
both asthma statuses, it was more significant for lifetime asthma than current. Table 2 presents 
the socioeconomic and demographic characteristics and their corresponding χ2 value.  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Table 2 
Demographic and Socioeconomic Characteristics of Sampled Children Aged 0-17 Years 
Characteristic   Current Asthma                           Lifetime Asthma 
  Yes              No     Yes        No 
        (N=122)      %             (N=1071)      % χ2          (N=161)   %          (N=1032)   %  χ2 
Age (in years)      .007*           .0001* 
0-4      15 12.3  245 22.9   19 11.8    241    23.4 
5-9      33 27.0  300 28.0   42 26.0    291    28.2  
10-14     38 31.1  326 30.4   50 31.1    314    30.4 
15-17      36 29.5 200 18.7   50 31.1    186    8.0  
Sex      .156           .009* 
Male  80 65.6  631 58.9   111 68.9    600    58.1  
Female  42 34.4 440 41.1   50 31.1    432    41.9  
Race‡       .062          .020* 
White  73 69.5 735 77.6   96 57.5     712    77.9 
Non-White 32 30.5 212 22.4    43 27.5     201    22.0 
Ethnicity‡      .027*          .082  
Hispanic  21 17.8  204 19.1   29 18.4    196    19.1  
Non-Hispanic 97 82.2  862 80.9   128 81.0    831    80.9 
Residence in MSA‡     .724          .678 
Yes  97 79.5  865 80.8   128 79.5    834    80.9  
No  25 20.5  205 19.2   33 20.5    197    19.1 
Insurance Status‡     .835          .521 
Yes  113 92.6  920 91.7   151 93.7    882    91.4 
No  9 7.3 83 8.3   10 6.9    82      8.50  
Annual Household Income‡    .190                       .784 
$0-$19,999  20 18.5 147 16.2   22 15.6    145    16.6 
$20,000-$54,999  49 45.4 348 38.4   59 41.8    338    38.7 
$55,000+  39 36.1 410 54.6   60 42.6    389    44.6 
Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local Area Integrated 
Telephone Survey, National Asthma Survey, 2003.  *Note: p<.05.  ‡Note: N≠1071.   
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4.3 Indoor Environmental Exposures Present in Homes of Sampled Children 
 Of all children with current asthma, 44 (36.1%) lived in a home that used an air cleaner 
or purifier.  Comparatively, 78 (63.9%) children did not have current asthma and lived in a home 
with an air cleaner or purifier.  In households of children with current asthma, 39 (32.5%) used a 
dehumidifier; however, in households of children without current asthma 193 (19.3%) used a 
dehumidifier.  While 86 (67.4%) of children with current asthma resided in a home that used a 
kitchen exhaust fan, 640 (63.9%) of children without current asthma lived in a home with a 
kitchen exhaust fan use.   For children with current asthma, 73 (59.8%) of children lived in a 
home that used gas for cooking.  However, 448 (44.6%) of children without current asthma lived 
in a residence in which gas was used for cooking.  Of children with current asthma, 28 (23.0%) 
resided in a home that used a wood stove/fireplace and 286 (28.5%) children without current 
asthma lived in a home with this environmental exposure.  Presence of unvented gas 
logs/fireplaces was more common in homes for children with current asthma (9.0%) than without 
current asthma (7.9%).  Of all children sampled with current asthma, 17.5% lived in a home with 
indoor mold exposure within 30 days prior to survey participation, whereas 7.6% lived in a home 
that reported seeing or smelling mold 30 days prior to survey participation..   
 For children with lifetime asthma, 31.1% lived in a home that reported air cleaner or 
purifier use.  Of children without lifetime asthma, 18.8% resided in a household that used an air 
cleaner purifier.  While 30.2% of children with lifetime asthma lived in a home that used a 
dehumidifier, 19.1% of children without lifetime asthma resided in a home with dehumidifier 
use.   In households of children with lifetime asthma, 65.0% used a kitchen exhaust fan; 
similarly, 64.6% of children without lifetime asthma lived in a home that used a kitchen exhaust 
fan.  Presence of unvented gas logs/fireplaces was nearly identical in homes of children with 
lifetime asthma (8.1%) and without lifetime asthma (8.0%).  For children with lifetime asthma, 
55.9% lived in a household that used gas for cooking, whereas 44.6% of children without 
lifetime asthma lived in a home in which gas was used for cooking.  Of children with lifetime 
asthma, 26.1% lived in a home that used a wood stove/fireplace and 28.2% without lifetime 
asthma resided in a household with this environmental exposure.  Of all children sampled with 
lifetime asthma, 15.7% lived in a household with indoor mold exposure within 30 days prior to 
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survey participation.  Comparatively, 7.5% of children without lifetime asthma lived in a 
residence with indoor household mold exposure.   
Analysis of χ2 suggested that relationships were present between use of air 
cleaner/purifier (p=.0001), dehumidifier (p=.0001), gas used for cooking (p=.001), and indoor 
household mold exposure (p=.0001) and current asthma.   χ2 analysis of children with lifetime 
asthma resulted in finding the same environmental exposures to have statistically significant 
relationships with lifetime asthma: air cleaner or purifier (p=.001), dehumidifier (p=.002), use 
gas for cooking (p=.008), and indoor household mold exposure (p=.001).  Although the same 
environmental indicators demonstrated statistically significant relationships for both asthma 
statuses, exposure was more significant for children with current asthma than lifetime.  Table 3 
shows the prevalence of indoor household environmental exposures and their corresponding χ2 
value.  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Table 3 
Indoor Environmental Exposures Present in Households of Children Aged 0-17 Years 
 
Environmental   Current Asthma     Lifetime Asthma    
Exposure Yes   No    Yes  No                                       
(N=122)          %        (N=1071)            %                χ2           (N=161)           %        (N=1032)            %          χ2  
Air Cleaner or Purifier‡        .0001*      .001*  
 Yes 44  36.1 186 18.5   50 31.1 180 18.8 
 No 78           63.9 817 81.5   111 68.9 784 81.3  
Dehumidifier‡            .0001*             .002* 
 Yes 39 32.5 193 19.3   48 30.2 184 19.1 
 No 81 67.5 809 80.7   111 69.8 779 80.9  
Kitchen Exhaust Fan‡     .281             .824 
 Yes 86 67.4 640 63.9   104 65.0 622 64.6 
 No 36 32.2 361 36.1   56 35.0 341 35.4 
Use Gas for Cooking‡     .001*            .008* 
 Yes 73 59.8 448 44.6   90 55.9 431 44.6 
 No 49 40.2 557 55.4   71 44.1 535 55.4  
Seen or Smelled Mold in Past 30  
days (not including food)‡    .0001*           .001* 
 Yes 21 17.5 76 7.6   25 15.7 72 7.5 
 No 99 82.5 925 92.4   134 84.2 890 92.5  
Furry or Feathered Pets‡    .317            .165 
 Yes 54 44.3 493 49.0   70 43.5 477 49.4  
 No 68 55.7 512 51.0   91 56.5 489 50.6 
Seen Cockroaches Inside Home     
in Past 30 days‡     .474           .613 
 Yes 9 7.4 94 9.4   13 8.1 90 9.3 
 No 113 92.6 911 90.6   148 91.9 876 90.7 
Wood Burning Stove or Fireplace‡      .383                          .724 
 Yes 28 23.0 286 28.5   42 26.1 272 28.2 
 No 94 77.0 717 71.5   119 73.9 692 71.8 
Unvented Gas Logs or Fireplace‡    .672             .658 
 Yes 11 9.0 79 7.9   13 8.1 77 8.0 
No 111 91.0 921 92.1   148 91.9 884 92.0  
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Table 3 Indoor Environmental Exposures Present in Households of Children Aged 0-17 Years (cont.) 
Anyone Smoked Indoors in Past Week‡   .604             .790 
 Yes 21 17.2 143 14.3   25 15.5 139 14.4 
 No 101 82.8 860 85.7   136 84.5 825 85.6 
Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local Area Integrated Telephone Survey, National Asthma 
Survey, 2003.  Note: *p=<.05.  ‡Note: N≠1071.     
 
4.4 Logistic Regression Analyses 
 Logistic regression analyses were performed to further examine the associations between 
environmental exposures, socioeconomics, and demographic factors on current and lifetime 
asthma.  The effects of indoor household mold exposure on asthma status in combination with 
other indoor household exposures were evaluated in Models 3 through 9.  While indoor 
household mold exposure was added to each logistic regression model, other household 
environmental exposures were added in separate models.   If an additional environmental 
exposure showed significance at the .05 alpha-level, the exposure was added to each of the 
remaining models.  This showed the independent effects of exposure to indoor household mold 
from other indoor environmental factors.  Model 1 examined the effects of age, race, sex, annual 
household income, MSA, ethnicity, and insurance status on either current or lifetime asthma.  
Indoor household mold exposure was added to Model 2 in addition to subsequent Models.  
Reference categories were assigned in SPSS by the last category in each survey question.  For 
questions with yes or no responses, affirmative answers were the reference category since yes 
was coded as 1 and no was coded as 0.  For socioeconomic and demographic variables, the 
reference categories were as follows: 15-17 years old (age), female (sex), Non-White (race), 
Hispanic (ethnicity), lived in MSA (MSA), had health insurance (insurance), and $55,000+ 
(annual household income).    Table 4 and 5 below show the results of the logistic regression 
analyses for current and lifetime asthma, respectively.   
 Examination of socioeconomic and demographic factors, indoor household mold 
exposure, and indoor household environmental exposures on current asthma in children indicated 
that age (OR=1.38, p=003) was positively associated with asthma in Model 3.  Being Non-White 
increased the chances of having current asthma (OR=1.63), however results were not statistically 
significant at the .05 alpha-level (p=.056) in Model 5a.  Model 2 showed indoor household mold 
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exposure was positively associated (OR=1.37, p=.021) with current asthma in children.  
Furthermore, air cleaner/purifier (OR= 1.85, p=.001) in Model 3, dehumidifier (OR=2.38, 
p=.0001) in Model 3a, and gas used for cooking (OR=1.91, p=.006) in Model 5a were found to 
be statistically significant positive predictors of current asthma in children.  Table 4 displays the 
summarized results of the logistic regression analysis predicting current asthma by 
socioeconomic and demographic factors, indoor household mold exposure, and indoor 
environmental exposures.  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Table 4 
Summary of Logistic Regression Analysis Predicting Current Asthma in Children Aged 0-17 Years by Socioeconomic/Demographic Factors, Indoor Household 
Environmental Exposures, and Indoor Household Mold Exposure 
Predictor    OR  95% CI for OR 
Model 1 
 Age* (15-17 years)   1.36  (1.11-1.68) 
 Race* (Non-White)   1.69  (1.04-2.77) 
Annual Income ($55,00+)  .902  (.660-1.23) 
MSA (lived in MSA)   .733  (.436-1.23) 
Sex (Female)   .848  (.542-1.33) 
Ethnicity (Hispanic)   1.42  (.872-2.31) 
Health Insurance (Had Health Insurance) 1.01  (.410-2.47) 
Model 2 
Age*    1.35  (1.09-1.67) 
 Race*    1.67  (1.02-2.73) 
Annual Income   .923  (.672-1.27) 
MSA    .769  (.454-1.30) 
Sex    .846  (.539-1.33) 
Ethnicity    1.43  (.876-2.32) 
Health Insurance   1.06  (.426-2.64) 
Indoor Mold*   1.38  (1.07-1.79) 
Model 3 
Age*    1.38  (1.11-1.70) 
 Race*    1.63  (.988-2.67) 
Annual Income   .924  (.671-1.27) 
MSA    .809  (.473-1.38) 
Sex    .808  (.511-1.28) 
Ethnicity    1.47  (.901-2.39) 
Health Insurance   1.11  (.440-2.75) 
Indoor Mold*   1.37  (1.05-1.78) 
Air Cleaner/Purifier*   1.85  (1.30-2.64) 
Model 3a 
Age*    1.37  (1.11-1.69) 
 Race*    1.75  (1.06-2.90) 
Annual Income   .877  (.636-1.21) 
MSA    .843  (.488-1.46) 
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Table 4 Summary of Logistic Regression Analysis Predicting Current Asthma Children Aged 0-17 Years  (cont.) 
Sex    .806  (.507-1.28) 
Ethnicity    1.49  (.912-2.44) 
Health Insurance   1.11  (.442-2.82) 
Indoor Mold*   1.39  (1.06-1.82) 
Air Cleaner/Purifier*   1.62  (1.13-2.30) 
Dehumidifier*   2.38  (1.51-3.75) 
Model 4 
Age*    1.37  (1.10-1.69) 
 Race*    1.75  (1.06-2.89) 
Annual Income   .880  (.638-1.22) 
MSA    .842  (.487-1.45) 
Sex    .810  (.509-1.29) 
Ethnicity    1.49  (.911-2.44) 
Health Insurance   1.12  (.443-2.83) 
Indoor Mold*   1.39  (1.06-1.82) 
Air Cleaner/Purifier*   1.61  (1.13-2.30) 
Dehumidifier*   2.37  (1.50-3.74) 
 Kitchen Exhaust Fan   1.06  (.723-1.56) 
Model 5 
Age*    1.36  (1.10-1.68) 
 Race*    1.73  (1.04-2.87) 
Annual Income   .896  (.648-1.24) 
MSA    .743  (.425-1.29) 
Sex    .772  (.484-1.23) 
Ethnicity    1.48  (.908-2.43) 
Health Insurance   1.09  (.427-2.77) 
Indoor Mold*   1.37  (1.04-1.79) 
Air Cleaner/Purifier*   1.58  (1.09-2.26) 
Dehumidifier*   2.22  (1.42-3.47) 
Gas Used for Cooking*   1.91  (1.21-3.02) 
Model 5a 
Age*    1.37  (1.10-1.69) 
 Race‡    1.67  (.988-2.82) 
Annual Income   .906  (.654-1.26) 
MSA    .740  (.424-1.29) 
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Table 4 Summary of Logistic Regression Analysis Predicting Current Asthma Children Aged 0-17 Years  (cont.) 
Sex    .777  (.487-1.24) 
Ethnicity    1.49  (.912-2.44) 
Health Insurance   1.08  (.423-2.74) 
Indoor Mold*   1.37  (1.04-1.79) 
Air Cleaner/Purifier*   1.56  (1.09-2.24) 
Dehumidifier*   2.20  (1.41-3.44) 
Gas Used for Cooking*   1.92  (1.21-3.04) 
Furry/Feathered Pets   .880  (.546-1.42) 
Model 6 
Age*    1.36  (1.10-1.69) 
 Race*    1.73  (1.04-2.87) 
Annual Income   .868  (.625-1.21) 
MSA    .759  (.433-1.33) 
Sex    .773  (.485-1.23) 
Ethnicity    1.54  (.937-2.53) 
Health Insurance   1.13  (.440-2.88) 
Indoor Mold*   1.38  (1.05-1.81) 
Air Cleaner/Purifier*   1.58  (1.10-2.26) 
Dehumidifier*   2.19  (1.40-3.42) 
Gas Used for Cooking*   1.91  (1.21-3.03) 
Cockroaches   .569  (.209-1.55) 
Model 7 
Age*    1.36  (1.10-1.68) 
 Race*    1.72  (1.03-2.86) 
Annual Income   .903  (.647-1.26) 
MSA    .744  (.426-1.30) 
Sex    .771  (.484-1.23) 
Ethnicity    1.49  (.908-2.43) 
Health Insurance   1.09  (.428-2.79) 
Indoor Mold*   1.38  (1.05-1.81) 
Air Cleaner/Purifier*   1.58  (1.10-2.25) 
Dehumidifier*   2.22  (1.42-3.45) 
Gas Used for Cooking*   1.90  (1.20-3.01) 
Wood Stove/Fireplace   .954  (.584-1.56) 
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Table 4 Summary of Logistic Regression Analysis Predicting Current Asthma Children Aged 0-17 Years  (cont.) 
Model 8 
Age*    1.36  (1.09-1.68) 
 Race*    1.73  (1.04-2.87) 
Annual Income   .895  (.672-1.27) 
MSA    .743  (.454-1.30) 
Sex    .772  (.539-1.33) 
Ethnicity    1.49  (.876-2.32) 
Health Insurance   1.09  (.426-2.64) 
Indoor Mold*   1.36  (1.04-1.79) 
Air Cleaner/Purifier*   1.57  (1.09-2.26) 
Dehumidifier*   2.22  (1.42-3.47) 
Gas Used for Cooking*   1.91  (1.21-3.03) 
Unvented Gas Logs   .974  (.561-1.69) 
Model 9 
Age*    1.37  (1.10-1.69) 
 Race*    1.74  (1.05-2.89) 
Annual Income   .877  (.630-1.22) 
MSA    .738  (.422-1.29) 
Sex    .777  (.487-1.24) 
Ethnicity    1.47  (.901-2.41) 
Health Insurance   1.06  (.415-2.71) 
Indoor Mold*   1.38  (1.05-1.81) 
Air Cleaner/Purifier*   1.57  (1.09-2.25) 
Dehumidifier*   2.22  (1.42-3.48) 
Gas Used for Cooking*   1.92  (1.21-3.03) 
Smoked Inside Home   .849  (.470-1.53) 
Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local Area Integrated Telephone Survey, National Asthma 
Survey, 2003.  Note: *p=<.05, ‡p=.056.  The following are reference categories: Non-White, Female, Lived in an MSA, Hispanic, and had health insurance coverage. 
(  )  Denotes reference category.  
 Table 5 presents the logistic regression results for lifetime asthma.  While age (OR=1.47, 
p=.0001) and race (OR=1.91, p=.005) demonstrated positive statistically significant relationships 
for predicting lifetime asthma, sex (OR=.649, p=.044) was found to be a negative predictor in 
Model 1.  Use of air cleaner/purifier (OR=1.75, p=.001) in Model 3, dehumidifier (OR= 2.12 
p=.000) in Model 3a, and gas used for cooking (OR=1.54, p=.037) in Model 5 showed statistical 
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significance of a positive relationship for predicting lifetime asthma.  Importantly, indoor 
household mold was found to have a positive relationship and was a statistically significant 
(OR=1.32, p=.039) predictor of lifetime asthma in children in Model 2.    
Table 5 
Summary of Logistic Regression Analysis Predicting Lifetime Asthma in Children Aged 0-17 Years by Socioeconomic/Demographic Factors, Indoor Household 
Environmental Exposures, and Indoor Household Mold Exposure 
Predictor    OR  95% CI for OR 
Model 1 
 Age* (15-17 years old)   1.48  (1.22-1.79) 
 Race* (Non-White)   1.98  (1.26-3.09) 
Annual Income ($55,000+)  1.14  (.848-1.52) 
MSA (Lived in MSA)   .662  (.414-1.06) 
Sex (Female)   .677  (.574-1.02) 
Ethnicity (Hispanic)   1.35  (.843-2.17) 
Health Insurance (Had Health Insurance) 1.09  (.471-2.53) 
Model 2 
Age*    1.47  (1.21-1.78) 
 Race*    1.96  (1.25-3.07) 
Annual Income   1.61  (.865-1.56) 
MSA    .685  (.426-1.10) 
Sex    .674  (.445-1.02) 
Ethnicity    1.36  (.846-2.18) 
Health Insurance   1.15  (.489-269) 
Indoor Mold*   1.33  (1.03-1.73) 
Model 3 
Age*    1.49  (1.22-1.79) 
 Race*    1.91  (1.23-1.81) 
Annual Income   1.17  (1.21-3.00) 
MSA    .707  (.866-1.57) 
Sex*    .649  (.426-.988) 
Ethnicity    1.39  (.866-2.24) 
Health Insurance   1.19  (.506-2.82) 
Indoor Mold*   1.32  (1.01-1.72) 
Air Cleaner/Purifier*   1.75  (1.25-2.43) 
Model 3a 
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Table 5 Summary of Logistic Regression Analysis Predicting Lifetime Asthma in Children Aged 0-17 Years (cont.) 
Age*    1.49  (1.23-1.81) 
 Race*    2.03  (1.28-3.21) 
Annual Income   1.12  (.831-1.51) 
MSA    .727  (.447-1.19) 
Sex*    .642  (.420-.982) 
Ethnicity    1.41  (.875-2.26) 
Health Insurance   1.21  (.510-2.89) 
Indoor Mold*   1.33  (1.02-1.73) 
Air Cleaner/Purifier*   1.54  (1.09-2.17) 
Dehumidifier*   2.11  (1.39-3.22) 
Model 4 
Age*    1.49  (1.23-1.81) 
 Race*    2.04  (1.29-3.23) 
Annual Income   1.12  (.827-1.50) 
MSA    .727  (.446-1.19) 
Sex    .638  (.416-.976) 
Ethnicity    1.41  (.877-2.27) 
Health Insurance   1.21  (.507-2.88) 
Indoor Mold*   1.32  (1.02-1.73) 
Air Cleaner/Purifier*   1.55  (1.11-2.18) 
Dehumidifier*   2.12  (1.39-3.24) 
Kitchen Exhaust Fan   .921  (.640-1.33)   
Model 5 
Age*    1.48  (1.22-1.80) 
 Race*    2.01  (1.27-3.19) 
Annual Income   1.13  (.841-1.53) 
MSA    .670  (.408-1.10) 
Sex    .623  (.406-.954) 
Ethnicity    1.40  (.872-2.47) 
Health Insurance   1.19  (.499-2.85) 
Indoor Mold*   1.31  (1.01-1.71) 
Air Cleaner/Purifier*   1.51  (1.07-2.13) 
Dehumidifier*   2.02  (1.33-3.06) 
Gas Used for Cooking*   1.54  (1.03-2.32)    
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Table 5 Summary of Logistic Regression Analysis Predicting Lifetime Asthma in Children Aged 0-17 Years (cont.) 
Model 5a 
Age*    1.50  (1.23-1.83) 
 Race*    1.88  (1.17-3.02) 
Annual Income   1.16  (.858-1.57) 
MSA    .665  (.404-1.09) 
Sex    .629  (.410-.963) 
Ethnicity    1.41  (.880-2.27) 
Health Insurance   1.17  (.489-2.79) 
Indoor Mold*   1.32  (1.02-1.73) 
Air Cleaner/Purifier*   1.48  (1.05-2.09) 
Dehumidifier*   1.99  (1.32-3.01) 
Gas Used for Cooking*   1.57  (1.04-2.35) 
Furry/Feathered Pets   .782  (.510-1.20)   
Model 6 
Age*    1.49  (1.22-1.81) 
Race*    2.02  (1.27-3.20) 
Annual Income   1.10  (.815-1.49) 
MSA    .684  (.416-1.13) 
Sex    .626  (.408-.960) 
Ethnicity    1.45  (.896-2.34) 
Health Insurance   1.23  (.513-2.95) 
Indoor Mold*   1.32  (1.01-1.73) 
Air Cleaner/Purifier*   1.52  (1.08-2.13) 
Dehumidifier*   1.99  (1.31-3.02) 
Gas Used for Cooking*   1.54  (1.02-2.31) 
Cockroaches   .573  (.231-1.43)   
Model 7 
Age*    1.48  (1.22-1.80) 
 Race*    2.01  (1.27-3.19) 
Annual Income   1.14  (.835-1.55) 
MSA    .670  (.408-1.10) 
Sex    .623  (.406-.954) 
Ethnicity    1.40  (.872-2.25) 
Health Insurance   1.19  (.499-2.86) 
Indoor Mold*   1.31  (1.01-1.71) 
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Table 5 Summary of Logistic Regression Analysis Predicting Lifetime Asthma in Children Aged 0-17 Years (cont.) 
Air Cleaner/Purifier*   1.51  (1.07-2.13) 
Dehumidifier*   2.02  (1.33-3.06) 
Gas Used for Cooking*   1.54  (1.03-2.32) 
Wood Stove/Fireplace   .989  (.644-1.52)   
Model 8 
Age*    1.48  (1.22-1.80) 
 Race*    2.01  (1.27-3.18) 
Annual Income   1.13  (.840-1.53) 
MSA    .669  (.407-1.09) 
Sex    .624  (.407-.956) 
Ethnicity    1.40  (.874-2.26) 
Health Insurance   1.19  (.501-2.87) 
Indoor Mold*   1.31  (1.01-1.71) 
Air Cleaner/Purifier*   1.51  (1.07-2.12) 
Dehumidifier*   2.01  (1.33-3.06) 
Gas Used for Cooking*   1.56  (1.03-2.34) 
Unvented Gas Logs   .906  (.526-1.56)   
Model 9 
Age*    1.49  (1.23-1.82) 
 Race*    2.03  (1.28-3.22) 
Annual Income   1.11  (.814-1.50) 
MSA    .663  (.403-1.09) 
Sex    .627  (.409-.961) 
Ethnicity    1.39  (.865-2.23) 
Health Insurance   1.16  (.471-2.53) 
Indoor Mold*   1.33  (1.01-1.73) 
Air Cleaner/Purifier*   1.50  (1.07-2.12) 
Dehumidifier*   2.02  (1.33-3.06) 
Gas Used for Cooking*   1.55  (1.03-2.33) 
Smoked Inside Home   .815  (.471-1.41)   
Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local Area Integrated Telephone Survey, National Asthma 
Survey, 2003.  Note: *p=<.05.  The following are reference categories: Non-White, Female, Lived in an MSA, Hispanic, and had health insurance coverage.  (  )  
Denotes reference category.   
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4.5 Summary   
 After performing χ2 analyses, statistically significant relationships between current 
asthma and exposure to air cleaner/purifier (p=.0001), dehumidifier (p=.0001), gas used for 
cooking (p=.001), and indoor household mold (p=.0001) were found.  Exposures to the same 
four environmental exposures were found to also have significant relationships with lifetime 
asthma: air cleaner/purifier (p=001), dehumidifier (p=.002), gas used for cooking (p=.008), and 
indoor household mold (p=.001).  The results suggested that children who were exposed to any 
of these four environmental indicators were not only more likely to have a lifetime history of 
asthma, but to experience current asthma as well. Age (p=.007) and ethnicity (p=.027) were 
found to have statistically significant relationships with current asthma, which provided evidence 
that certain age brackets and ethnicities were at an elevated risk for current asthma than others.    
For lifetime asthma, age (p=.0001), sex (p=.009), and race (p=.020) were all found to 
demonstrate significant relationships.  These results indicated that specific age cohorts, sex, and 
races were at a higher risk of lifetime asthma than others.  Results from the χ2 testing 
necessitated further analysis of NAS data. 
 Logistic regression analysis of socioeconomic or demographic factors, indoor household 
mold exposure, and environmental exposures as predictors of current asthma found several 
statistically significant results.  Use of air cleaner/purifiers (OR=1.85, p=.001), dehumidifiers 
(p=.000, OR=2.38), gas used for cooking (OR=1.91, p=.006), and exposure to household indoor 
mold (OR=1.37, p=.021) were found to be positive correlates of current asthma.  These results 
provided evidence that children who were exposed to these indicators were at higher odds of 
having current asthma than those who were not exposed.  Age (OR=1.38, p=.003) demonstrated 
a positive and significant relationship for predicting current asthma, which indicated that 
children who were older were at a greater risk than younger children.  Non-whites were strongly, 
but not significantly more likely to have current asthma than their white counterparts (p=.056, 
OR=1.63).  Older children (OR=1.48, p=.0001), non-whites (OR=1.83, p=.008), and males 
(OR=5.73, p=.042) were all found to be at a statistically significant greater risk of lifetime 
asthma.  Children who were exposed to air cleaner/purifier (OR=1.74, p=.001), dehumidifier 
(OR=2.08, p=.001), and indoor household mold (OR=1.33, p=.032) were all at a statistically 
significant increased risk of lifetime asthma than those who were not exposed.  Indoor household 
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mold exposure had a statistically significant independent effect on both lifetime (OR=1.33, 
p=.029) and current asthma (OR=1.38, p=.015).  Exposure to indoor household mold had a 
slightly higher risk of having current asthma than lifetime asthma in the children sampled. 
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CHAPTER 5 
DISCUSSION 
 
 Asthma is considered to be one of the most common chronic conditions affecting 
children, and prevalence has increased since 1980 (Miller, 2000).  Camargo et al. (2007) 
estimated nine million children across the United States suffered from asthma and four million 
experienced an asthma attack during 2006.  Previous literature recognized a significantly 
disproportionate burden of asthma affecting minority inner-city populations (Akinbami et al, 
2009; Algine et al, 2000; Miller, 2000; Stevens & Gorelick, 2001; Teach et al, 2006a).  Although 
previous studies have examined socioeconomic and demographics factors in relation to asthma, 
research of environmental exposures as contributing factors of lifetime or current asthma is 
limited.  Furthermore, literature regarding indoor household environmental mold exposure and 
its relationship to both current and lifetime asthma is scarce.   
 The results presented in this work corroborate with some of the previous findings in the 
literature.  Based on NAS, this study indicated that prevalence of both current and lifetime 
asthma was higher among those aged 10-14 years.  Similarly, Kim et al. (2009) characterized 
children between the ages of 11-17 as the most common age cohort to have asthma. Kim et al. 
(2009)’s findings were similar to the findings of this study that discerned 10-14 years as the most 
prevalent for both current and lifetime asthma.   Males were more likely to report to have either 
current or lifetime asthma in this research analysis, which corresponded to the findings of Schatz 
& Camargo (2003) and Schatz et al. (2004).  Previous literature has shown that being from a 
minority group, Hispanic, low socioeconomic, and residence in an urban inner-city were factors 
associated with greater risk for current asthma among children (Algine et al., 2000; Bordreaux et 
al., 2003; Camargo et al., 2007; McDaniel et al., 2006; Stingone & Claudio, 2006).  This study 
found that non-whites were statistically significantly more likely to experience lifetime asthma 
than white children.  Non-white children were found to have a strong, but not significant 
relationship with current asthma.  However, race was not found to be a statistically significant 
predictor of current asthma.  Children who were Non-Hispanic, higher socioeconomic status, and 
did not live in a MSA were less likely to have current asthma than their counterparts; however, 
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these results were not significant at the .05 alpha-level.  Children from higher income brackets 
were more likely to have a history of lifetime asthma than those from lower brackets, but these 
results were not statistically significant at the .05 alpha-level.  Non-Hispanic children and 
residence outside of a MSA lessened the odds of experiencing lifetime asthma, which was 
similar to the findings for current asthma.  However, these results were not significant at the .05 
alpha-level.   
As shown in the range of environmental household exposures included in the NAS 
survey, children are exposed to multiple indoor allergens inside residences, which can 
significantly impact asthma.  Results from this study indicated that use of an air cleaner/purifier, 
dehumidifier, gas used for cooking, and exposure to indoor household mold had statistically 
significant relationships with both lifetime and current asthma.  These environmental exposures 
were statistically significant correlates of both lifetime and current asthma.  Independent 
exposure to indoor household mold was a statistically significant correlate of both lifetime and 
current asthma.  Iossifova et al. (2009) found children who are exposed to visible mold were at 
significantly higher risk for asthma development than children who lived in a residence without 
this exposure.   While only 9.5% of all children with asthma surveyed on the NAS reported 
exposure to indoor household mold within 30 days prior to survey participation, Iossifova et al. 
(2009)’s findings suggested that these children’s asthma history could be related to indoor mold 
exposure.  
  Exposure to indoor household mold could decrease lung function and negatively affect 
individuals with asthma (Bonner et al., 2006; Iossifova et al., 2009).  Bonner et al. (2006) 
recognized children who lived in residences with visible mold or mildew experienced 
significantly more respiratory related hospitalizations than children living in homes without 
visible mold exposure.  Furthermore, Iossifova et al. (2009) discerned that children who lived in 
residences with high levels of visible mold were considered high risk for developing asthma.  
Both the Institute of Medicine (2000) and World Health Organization (2009) reported that there 
was sufficient evidence of association between exposure to indoor household mold and increased 
asthma morbidity.  Neither organization published evidence of significant findings that indoor 
household mold exposure leads to development of asthma in children (Institute of Medicine, 
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2000; World Health Organization, 2009).  However, in 2004, The Institute of Medicine 
published these findings (as cited by Centers for Disease Control and Prevention, 2010):   
“There was sufficient evidence to link indoor exposure to mold with upper respiratory 
tract symptoms, cough, and wheeze in otherwise healthy people; with asthma symptoms 
in people with asthma; and with hypersensitivity pneumonitis in individuals susceptible 
to that immune-mediated condition. The IOM also found limited or suggestive evidence 
linking indoor mold exposure and respiratory illness in otherwise healthy children. In 
addition, in 2004 the IOM found sufficient evidence to link exposure to damp indoor 
environments in general to upper respiratory tract symptoms, cough, and wheeze in 
otherwise healthy people and with asthma symptoms in people with asthma. The IOM 
also found limited or suggestive evidence linking exposure to damp indoor environments 
in general to shortness of breath, to respiratory illness in otherwise healthy children and  
to potential development of asthma in susceptible individuals.” (Centers for Disease 
Control and Prevention, 2010, n.p.). 
Krieger, Jacobs, Ashley, Baeder, Chew, Dearborn, Hynes, Miller, Morley, Rabito & 
Zeldin (2010) evaluated the efficacy of HEPA air filters and found that these products may be 
able to remove pet dander from household environments.  However, Krieger et al. (2010) 
suggested that HEPA filters would not be able to reduce exposure to dust mite or mold 
particulate mater.  Britigan, Alshawa, & Nizkorodov (2006) denoted while an air cleaner/purifier 
can improve air quality in the home, ozone emitting devices posed potential deleterious health 
effects.  According to Sharma, Hansel, Matsui, Diette, Eggleston, Breysse, 2007,  “studies show 
significant association with asthma-related morbidity, including increases in symptoms, health-
care use, airway inflammation, and decreases in lung function”.  Furthermore, Britigan et al. 
(2006) stated that ozone particles could bind and react with other indoor particulates, which 
could release compounds harmful to overall lung health.  Both Britigan et al. (2006) and 
Hubbard, Coleman, Sarwar & Corsi (2005) stated that certain air cleaner/purifiers could 
potentially expose individuals to ozone levels that exceed public health safety standards 
recommend.  Britigan et al. (2006) found small and poorly vented residences were found to be at 
greatest risk of increased ozone particulate levels.  Due to adverse health effects and contribution 
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to asthma morbidity, Sharma et al. (2007) recommended ozone emitting air cleaners/purifiers 
should be avoided in homes of individuals (especially children) with asthma.   
Dehumidifiers are also thought of as protective factors for individuals with asthma, since 
the devices decrease moisture and humidity (American Academy of Allergy, Asthma & 
Immunology, 2010; Asthma and Allergy Foundation of America, 2005).  Airborne fungal spores 
are present regardless of indoor or outdoor environment (Eggleston, 2003).  Eggleston (2003) 
emphasized the need for home moisture control in order to reduce growth of mold and mildew.  
Thus, dehumidifiers are recommended for use in households of individuals with asthma to 
reduce moisture and relative humidity, which promote mold growth (American Academy of 
Allergy, Asthma & Immunology, 2010; Asthma and Allergy Foundation of America, 2005; 
United States Environmental Protection Agency, 2010b; World Health Organization, 2009).  
However, Bernstein, Levin, Crandall, Perez, Lanphear (2005) stated “dehumidification is 
effective at reducing moisture necessary for mold growth, it is inadequate as a single intervention 
as it does not remove viable and non-viable fungal spores that are potentially allergenic” (p.402).  
Bernstein et al. (2005) recognized that dehumidifiers were successful in reducing relative 
humidity in two day-care facilities analyzed in their study.  However, only one of the two 
locations Bernstein et al. (2005) examined, achieved reduction of airborne fungal spore levels 
from use of a dehumidifier and HEPA air filter.   While Bernstein et al. (2005) recommended 
using a dehumidifier in combination with a HEPA air filter was most effective for fungal control, 
Krieger et al. (2010) suggested that the filters may be ineffective for mold spores.  Both 
American Academy of Allergy, Asthma & Immunology (2010) and Asthma and Allergy 
Foundation of America (2005) asserted another potential problem with dehumidifiers: these 
devices collect condensed water and without proper cleaning can become contaminated with 
mold growth.     
Zota et al. (2005) found NO2 levels highest in kitchens, which were associated with using 
gas stoves for cooking.  Zota et al. (2005) and Simons et al. (2007) recognized gas stove usage 
increased the PME in the home and contributed to exacerbation of asthma symptoms.  Results of 
this study significantly suggested using gas for cooking increased the odds of current asthma in 
children by a factor of 1.91 and the odds of lifetime asthma by 1.54.   These results coincided 
with the findings of Zhang et al. (2010), whom suggested that increased PME in the kitchen and 
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surrounding rooms could have deleterious health effects.  While Zhang et al. (2010) found 
kitchen exhaust fans to remove an estimated 41% of PME in kitchens, results from this analysis 
of NAS participants did not show kitchen exhaust fans to be a statistically significant protective 
factor for both lifetime and current asthma.  However, use of kitchen exhaust fans by study 
participants reduced the odds of lifetime asthma by a factor of .921 and current asthma by a 
factor of 1.06.   Manfredini & Rist (2004) provided further evidence of kitchen exhaust fans as a 
protective factor: lack of a functioning kitchen exhaust fan could contribute to increased 
humidity and moisture in the kitchen.  Both increased humidity and moisture promote mold 
growth (Manfredini & Rist, 2004), which as the results of this study strongly suggested, 
increased the odds of current asthma by a factor of 1.38 and of lifetime asthma by a factor of 
1.33.  
5.1 Implications  
Indoor household mold exposure was found to be statistically significant in the analyzed 
sample of NAS children, which could suggest that the air filters/purifiers used in participating 
households did not reduce mold particulate exposure.  Furthermore, participating households that 
used a dehumidifier to rid the household of airborne mold particulates may not have performed 
mold remediation on visible spores.  Without moisture in the home, the visible mold dries into 
spores and could become airborne.  Airborne spores could be inhaled and result in significant 
negative health effects (World Health Organization, 2009).  In this study of NAS participants, 
children who were exposed to indoor household mold were 1.33 greater odds of lifetime asthma 
and 1.37 greater odds of current asthma.  Children who were exposed to air cleaner/purifiers 
were at 1.75 greater odds of having lifetime asthma and 1.85 greater odds of current asthma than 
children who were not exposed.  Although an increased risk of lifetime asthma was found, the 
NAS did not expound upon the types of air cleaners/purifiers used in the participants’ homes.  
Due to this, the results do not predict if lifetime or current asthma in children resulted from 
exposure to ozone emitting devices.  However, Krieger et al. (2010) suggested that HEPA air 
filters might not be effective for reducing exposure to mold particles.   
Analyzed results found children participating with NAS were at 2.11 greater odds of 
lifetime asthma and 2.38 greater odds of current asthma if they lived in a household that used a 
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dehumidifier.  However, the NAS survey did not further question participants regarding 
dehumidifier maintenance, frequency of use, and if there were still visible colonies of mold on 
household surfaces following use.  Due to this, a comprehensive causal relationship cannot be 
determined.  However, Bernstein et al. (2005) suggested fungal spores may remain on surfaces 
or airborne after dehumidification.  While Bernstein et al. (2005) found HEPA air filters to 
successfully reduce airborne mold concentration, Krieger et. (2010) did not find these products 
to be effective.  Evidence from both Bernstein et al. (2005) and Krieger et al. (2010) suggested 
that while NAS participating households used dehumidifiers, surface molds remained visible.  
Disturbance of the mold colonies by humans or animals present in the household make the 
fungal allergens airborne, which can have significant detrimental effects on overall lung health 
and individuals with asthma (World Health Organization, 2009).  The analyses by Bernstein et 
al. (2005), Krieger et al. (2010), and World Health Organization (2009), demonstrated the 
interrelationships between indoor household mold exposure, dehumidification, use of an air 
cleaner/purifier, and human interactions.   Results generated from the analysis of NAS 
participants support the evidence found- within one model, indoor household mold, use of a 
dehumidifier, and use of an air cleaner/purifier were all statistically significant positive correlates 
of lifetime or current asthma in children. 
Although Bonner et al. (2007), Vesper et al. (2009), and Berg et al. (2007) did not find 
statistical significance between indoor mold exposure and asthma and children, results from this 
study demonstrated household mold exposure as a positive predictor of lifetime and current 
asthma.  Odds ratios from this analysis suggested that indoor household mold exposure increases 
the odds of lifetime asthma by a factor of 1.33 and current asthma by a factor of 1.38.  These 
results provide support to both Bernstein et al. (2005) and Krieger et al. (2010)’s arguments.  Air 
cleaners/purifiers used with dehumidifiers reduced the significance level of indoor household 
mold slightly (from p=.029 to p=.037 for lifetime asthma; from p=.015 to p=.017 for current 
asthma), however mold exposure remained statistically significant.  Furthermore, use of air 
cleaners/purifiers and dehumidifiers did not reduce the risk of lifetime or current asthma in the 
sampled children.  Use of a dehumidifier increased the odds of lifetime asthma by a factor of 
2.11 and current asthma by a factor of 2.38.  Children who lived in households that used an air 
cleaner or purifier were at 1.75 greater odds of lifetime asthma and 1.85 greater odds of current 
asthma.  
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5.2 Limitations of the Study 
 Participants were susceptible to recall bias during the course of the survey interview.  
Due to the specific and time sensitive nature of the questions asked by the survey, interviewees 
may not have been able to recall medical history precisely.   Additionally, this study is limited by 
the large quantity of missing cases.  This study was limited by a small sample, which was 
gathered from RDD.  Due to this, the sample may not be representative of all populations 
throughout the United States since households without a landline would be excluded from 
participating.  Households may not have had access to a landline if it was not functioning, 
service disconnected, or relied on a cellular phone.  Although the sample generated by RDD was 
large, selection of children aged 0-17 years limited the cohort to only 1193 participants.  Sample 
size for current asthma was further reduced to 122 cases.   
Most participants were Non-Hispanic and White, which reduced generalizability to 
Hispanic and Non-White populations.  There were more males than females sampled in the NAS, 
which could be due to oversampling or an indicator that a higher prevalence of males have 
asthma.   Furthermore, annual household income greater than $55,000 characterized the majority 
of subjects. Populations from lower socioeconomic statuses may not have been able to afford a 
landline or lived in a permanent residence.  Significance of living in low-income residences 
could have been overlooked due to this.    Results were also susceptible to report and recall bias.  
Participants may not have accurately reported or recalled exposures.  Additionally, subjects may 
not have wanted to disclose presence of cockroaches, mold, or environmental tobacco smoke due 
to stigma.  
NAS survey questions requested and reported basic information about participants’ 
household environmental exposures.   However, in order to discern causality future questions 
need to expound upon risk factors such as ozone-emitting devices used in the home, type of air 
filters used, maintenance of water condensing devices (dehumidifiers or air conditioners), and 
frequency of exposure.  Addition of more in depth questions will allow for analyses that could 
suggest causal relationships between asthma and environmental exposures.     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5.3 Suggestions for Further Research 
 Further research studies should identify the time period environmental modifications or 
exposures added to the home in comparison to when the child was first diagnosed by a physician 
or other health care provider with asthma.  Better identification of time would provide a link to 
whether the onset of the child’s asthma symptoms occurred before or after the environmental 
exposure or modification.  Furthermore, this would provide information on whether the child 
continued to experience asthma symptoms following the exposure.  
One of the greatest challenges to environmental allergen research is controlling for every 
factor and exposure.  Children spend most of their days either inside their home or school, which 
could increase their exposures to a variety of indoor environmental exposures.  In order to 
accurately examine the effects on one exposure, such as mold, an analysis would need to be 
conducted under controlled conditions.  However, it would be extremely difficult to survey 
homes that only have mold since most residences have multiple exposures.  Performing a 
pre/post analysis of children with lifetime asthma who resided in an area that sustained extensive 
indoor flooding damage could present the opportunity to examine if mold is a contributing factor 
to current asthma.   Children with a lifetime history of asthma could be surveyed at baseline 
(immediately following the incident), 3 months, 6 months, and 12 months following the flooding 
damage to assess if they experienced new asthma symptoms.   
Furthermore, households with significant indoor household mold exposure due to 
flooding (or other water damage) would be surveyed to assess if a dehumidifier or air cleaner or 
purifier was used to reduce airborne mold concentrations.  Brand and model of air cleaner or 
purifier used in each of the households would be recorded to determine if ozone-emitting devices 
are present.  Participants should be asked if they saw visible mold in their residence within thirty 
days of survey participation and if any mold remediation techniques was conducted.  This 
question will ask participants to specify if professionals or non-professionals conducted the mold 
remediation.  In order to assess use of a dehumidifier on asthma, it would be imperative to ask 
participants if visible mold was present in the household following the use of the device.  If the 
participant responds affirmatively to that question, then they would be asked if mold remediation 
was conducted.  Children with a lifetime history of asthma could be surveyed at baseline 
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(immediately following the flooding incident), 3 months, 6 months, and 12 months following the 
damage to assess if they experienced new asthma symptoms as well as environmental exposures.    
Further exploration of the interrelationships between cooking gas, kitchen exhaust fans, 
and indoor household mold exposure is needed.  In order to analyze the correlations between 
these three exposures, it would be necessary to recruit a larger representative sample from both 
inner-city and non-inner-city environments.  A complete assessment of household environmental 
exposures would need to be conducted, as well as an assessment of cooking habits, kitchen 
exhaust systems, and mold or mildew growth.  Age and condition of the household would need 
to be taken into consideration.  Once conditions of the household are evaluated, an intervention 
study could be conducted to analyze the potential benefits of proper exhaust systems and 
reduction of kitchen heat and humidity.  Selection factors to include households in this study 
would include the following: currently live in home built before 1975, have at least one child 
(between 1 and 17 years of age) who lives in the household full-time that has been diagnosed by 
a physician with asthma, use cooking gas, seen or smelled mold (not including food) in the past 
thirty days, and have a kitchen exhaust fan that has never been used while cooking food on the 
stove.    In both the experimental and control group, the child’s asthma symptom frequency and 
severity will be assessed by health care professionals at baseline, 3 months, 9 months, and 12 
months.  After the study is completed, data will be analyzed to determine if the intervention was 
successful in reducing the child’s asthma symptom frequency and severity.    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